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Abstract
Background/Aim: Obesity remains a major global health challenge, 
closely linked to an increased likelihood of developing metabolic disorders, 
such as non-alcoholic fatty liver disease (NAFLD), insulin resistance, type 
2 diabetes and cardiovascular complications. This study aimed to investi-
gate the effect of selenium-fortified dragon fruit dadih on sterol regulatory 
element-binding protein-1c (SREBP-1c) expression and liver histopatholo-
gy in obese rats induced by a high-fat, high-fructose diet (HFFD). 
Methods: Dadih, a traditional Indonesian fermented dairy product, was 
enriched with selenium (0.4 ppm) and 10 % red dragon fruit juice to en-
hance its antioxidant and metabolic regulatory properties. Thirty-six male 
Sprague-Dawley rats were divided into four groups: healthy control (K−), 
obesity control (K+), dadih (Di) and selenium-fortified dragon fruit dadih 
(Di+). After 28 days of intervention, liver tissues were analysed for SREBP-
1c expression and histopathological alterations. 
Results: The results showed a significant increase in hepatic SREBP-1c 
expression in the obese control group (2172.8 ± 32.3 pg/mL) compared 
to the healthy control (999.2 ± 45.5 pg/mL; p < 0.001). Intervention with Di 
reduced SREBP-1c expression to 1455.2 ± 40.3 pg/mL. At the same time, 
the Di+ group showed a greater reduction to 1174.0 ± 58.8 pg/mL (p < 
0.001), suggesting a more potent suppression of hepatic lipogenesis with 
selenium and dragon fruit enrichment. Histopathological analysis revealed 
hepatocyte ballooning and inflammatory cell infiltration in the obese control 
group, indicating early signs of liver injury. Although steatosis was not yet 
prominent due to the relatively short 28-day induction period, structural 
alterations in hepatocytes were already evident and likely associated with 
elevated SREBP-1c expression. These pathological changes were atten-
uated in the intervention groups, especially in Di+, which showed more 
pronounced improvements in liver architecture. 
Conclusion: Selenium-fortified dragon fruit dadih holds promise as a 
functional dietary intervention to attenuate hepatic lipogenesis and protect 
against obesity-induced liver damage by downregulating SREBP-1c. Fur-
ther studies are warranted to evaluate its long-term effects and underlying 
molecular mechanisms.

Key words: Obesity; Selenium-fortified dadih; Sterol regulatory element 
binding protein 1; Dairy products; Non-alcoholic fatty liver disease; Metab-
olism; Health.
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Obesity remains a major global health challenge, 
with its prevalence continuing to rise across the 
world. As reported by the World Health Organi-
sation (WHO), obesity rates have nearly tripled 
since 1975, affecting individuals across different 
age groups and socioeconomic backgrounds. This 
condition is closely linked to an increased likeli-
hood of developing metabolic disorders, such as 
non-alcoholic fatty liver disease (NAFLD), insulin 
resistance, type 2 diabetes and cardiovascular 
complications. A significant factor driving lipid 
accumulation in the liver is the activation of sterol 
regulatory element-binding protein-1c (SREBP-
1c). This transcription factor plays a crucial role 
in lipogenesis by enhancing fatty acid synthe-
sis while suppressing fatty acid oxidation.1 The 
upregulation of SREBP-1c has been extensively 
linked to hepatic steatosis and the progression of 
NAFLD, making it a crucial target in obesity-re-
lated metabolic dysfunction.

Functional foods, particularly fermented dairy 
products, have been proposed as potential di-
etary interventions to regulate lipid metabolism 
and improve metabolic health. Dadih is a tradi-
tional fermented dairy product made from buf-
falo milk in West Sumatra, Indonesia, naturally 
fermented through spontaneous fermentation 
without the use of a starter culture.2 The fermen-
tation process occurs anaerobically at room tem-
perature (28–30 °C) for 24–48 hours within bam-
boo tubes, allowing the natural growth of lactic 
acid bacteria (LAB), which play a role in modulat-
ing the gut microbiota, reducing cholesterol and 
enhancing the immune system.3

Despite its potential health benefits, previous 
studies have reported that dadih has a relatively 
low antioxidant activity (IC50: 1177.637 ppm).4 
To enhance the functional properties of dadih, 
the incorporation of red dragon fruit (Hylocereus 
polyrhizus) has been explored. This tropical fruit 
is rich in betalains, flavonoids, phenolic com-
pounds and vitamin C, which contribute to anti-
oxidant and anti-inflammatory effects.5 A previ-
ous study demonstrated that dadih with 10 % red 
dragon fruit extract was preferred over regular 
dadih, exhibiting a higher total lactic acid bacteria 
(LAB) count and antioxidant capacity.4 

In addition to dragon fruit, selenium (Se) fortifi-
cation is another promising strategy to enhance 
the health benefits of dadih. Selenium is a vital 

Methods

This experimental study employed a completely 
randomised post-test-only control group design. 
A total of 24 male Sprague-Dawley rats (8 weeks 
old, weighing 150–200 g) underwent a 7-day ac-
climation phase before being randomly divided 
into four groups, each consisting of six rats. The 
healthy control group (K-) was provided with 
standard feed and water ad libitum, whereas the 
obesity control group (K+) was subjected to a 
high-fat, high-fructose diet (HFFD) for 28 days to 
induce obesity. The dadih group (Di) consisted of 
obese rats receiving 2 mL/200 g BW/day of dadih. 
In comparison, the selenium-fortified dadih group 
(Di+) consisted of obese rats receiving 2 mL/200 
g BW/day of selenium-fortified dragon fruit dadih. 
Dadih was prepared traditionally by heating 1000 
mL of buffalo milk to 72 °C for 15 seconds, fol-
lowed by cooling to 30 °C. For the fortified formu-
lation, 10 % red dragon fruit juice and 0.4 ppm of 
selenium (Na2SeO3) were added to the milk. Previ-

trace element known for its potent antioxidant 
and anti-inflammatory effects. It is a key compo-
nent of glutathione peroxidase (GPx), an enzyme 
that safeguards cells against oxidative damage 
and contributes to the regulation of lipid metab-
olism.6 Selenium has also been found to interact 
with sirtuin 1 (SIRT1), inhibiting SREBP-1c activ-
ity and thereby reducing hepatic lipid accumula-
tion, which prevents fatty liver disease. Previous 
research has demonstrated that selenium-en-
riched probiotics significantly reduce serum tri-
glyceride and cholesterol levels, improve liver 
histopathology and downregulate the expression 
of lipogenic genes.6

The combined effect of selenium-fortified red 
dragon fruit dadih on SREBP-1c expression and 
liver histopathology has not been previously in-
vestigated. This study aimed to evaluate wheth-
er this innovative functional food can serve as a 
dietary intervention to modulate lipid metabo-
lism, specifically by regulating SREBP-1c, reduce 
hepatic fat accumulation and improve metabolic 
health in obese rats. Since SREBP-1c is a key reg-
ulator of lipogenesis, its modulation is a key focus 
in assessing the potential protective effects of 
this intervention on liver histopathology.

Introduction
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ous studies have shown that selenium supplemen-
tation at a concentration of 0.4 ppm is optimal, 
yielding favourable organoleptic results in terms 
of the chemical, microbiological, rheological and 
sensory properties of fermented milk.7 After 28 
days of intervention, all rats were euthanised and 
liver tissue samples were collected for further 
analysis. The experimental design of this study is 
presented in Figure 1.

Obesity was induced using a HFFD for 28 days, 
consisting of 3 g pork fat (15 %), 2 g duck egg 
yolk (10 %), 15 g standard chow (75 %) and an 
additional 2 mL of 1 % fructose solution. Body 
weight was monitored weekly and obesity was 
confirmed using Lee’s index (a value greater than 
300). Rats exceeding this threshold were includ-
ed in the intervention phase. Liver tissue samples 

Figure 1: Experimental design of study
HFFD: high-fat, high-fructose diet; SREBP-1c: sterol regulatory element-binding protein-1c;

were homogenised and centrifuged at 10,000 × g 
for 10 minutes at 4 °C, then analysed using an ELI-
SA kit (EKL Biotechnology, USA). Absorbance was 
recorded at 450 nm and SREBP-1c concentration 
was quantified based on a standard curve. Liver 
tissue samples were preserved in 10 % formalin, 
embedded in paraffin, sectioned to a thickness 
of 5 μm and stained using haematoxylin and eo-
sin (H&E). The histopathological assessment fo-
cused on steatosis, inflammation and hepatocyte 
ballooning.

All statistical analyses were conducted using 
SPSS 26 for Windows (IBM Analytics, Armonk, 
NY, USA). Data were expressed as mean ± stan-
dard deviation (SD). The Shapiro-Wilk test was 
used to assess the normality of the data distri-
bution. For normally distributed data, a one-way 

Safitri et al. Scr Med. 2025 Nov-Dec;56(6):1119-29.



1122

Results

Body weight 
Body weight changes were observed in all rat 
groups throughout the intervention period in 
this study (Figure 2A). The healthy control group 
(K-) exhibited a lower weight gain compared to 

ANOVA was performed, followed by the Bonfer-
roni post hoc test. In contrast, for non-normal-
ly distributed data, the Kruskal-Wallis test was 

Figure 2: Changes in body weight (A) and Lee index (B) during the intervention
Body weight data are expressed as mean ± SD, whereas Lee index data are presented as median (N = 6). Statistical 
analysis for body weight was conducted using one-way ANOVA, followed by the Bonferroni post hoc test. In contrast, 
the Lee index was analysed using the Wilcoxon test, followed by the Mann-Whitney post hoc test. A p-value of less 
than 0.05 was considered statistically significant. Different superscript letters (a, b, c, d) denote significant differences 
between groups. The healthy control group (K-) was provided with standard feed and water ad libitum. The obesity 
control group (K+) was subjected to a high-fat, high-fructose diet (HFFD) for 28 days to induce obesity. The dadih group 
(Di) consisted of obese rats receiving 2 mL/200 g BW/day of dadih. The selenium-fortified dadih group (Di+) consisted 
of obese rats receiving 2 mL/200 g BW/day of selenium-fortified dragon fruit dadih.

A

B

used, followed by the Mann-Whitney U test. A 
p-value of less than 0.05 was considered statisti-
cally significant.

the disease control group (K+), while the groups 
receiving dadih intervention (Di) and seleni-
um-fortified dragon fruit dadih (Di+) showed a 
more controlled weight gain pattern.

Safitri et al. Scr Med. 2025 Nov-Dec;56(6):1119-29.
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Table 1: Differences in SREBP-1c expression among treatment 
groups after intervention

(*) indicate significant differences (p < 0.05); SREBP-1c: sterol regulatory 
element-binding protein-1c;
The healthy control group (K-) was provided with standard feed and wa-
ter ad libitum. The obesity control group (K+) was subjected to a high-fat, 
high-fructose diet (HFFD) for 28 days to induce obesity. The dadih group (Di) 
consisted of obese rats receiving 2 mL/200 g BW/day of dadih. The seleni-
um-fortified dadih group (Di+) consisted of obese rats receiving 2 mL/200 g 
BW/day of selenium-fortified dragon fruit dadih.

Group
SREBP-1c

expression
(Mean ± SD)

p1

K- DiK+ Di+

K-

K+

Di

Di+

p

999.2 ± 45.5

2172.8 ± 32.3

1455.2 ± 40.3

1174.0 ± 58.8

0.000

-

-

-

-

0.000*

-

-

-

0.000*

0.000*

-

-

0.000*

0.000*

0.000*

-

Based on the statistical analysis, a significant dif-
ference in body weight was observed across all 
groups after the intervention, with a p-value of 
0.000. The paired t-test results indicated a sub-
stantial change in body weight within each group 
before and after the intervention, while the one-
way ANOVA. The Bonferroni post hoc test further 
confirmed significant differences between the 
groups. Figure 2B illustrates the changes in Lee 
index across all groups during the intervention. 
The groups receiving HFFD had a Lee index great-
er than 300, confirming the successful induction 
of obesity, making them suitable for further re-
search on dietary interventions and metabo-
lism. The healthy control group (K-) exhibited a 
lower weight gain compared to the disease con-
trol group (K+), while the groups receiving dadih 
intervention (Di) and dadih supplemented with 
dragon fruit and selenium (Di+) demonstrated a 
more controlled weight gain pattern.

SREBP-1c expression
The analysis of SREBP-1c expression, as pre-
sented in Table 1, indicates that HFFD adminis-
tration significantly increased SREBP-1c expres-
sion compared to the healthy control group (K-) 
(p = 0.000). The K+ group exhibited the highest 
SREBP-1c expression level (2172.8 ± 32.3 pg/mL), 
while the K- group had the lowest expression 
(999.2 ± 45.5 pg/mL). This finding suggests that 
a high-fat, high-fructose diet induces SREBP-1c 
activation, a crucial factor in enhancing hepatic 
lipid synthesis.

The healthy control group (K-) was provided with 
standard feed, whereas the obesity control group 
(K+) was administered an high-fat, high-fructose 
diet (HFFD) for 28 days. The dadih group (Di) con-
sisted of obese rats receiving standard feed + 2 
mL/200 g body weight/day of dadih. In compari-
son, the selenium-fortified dadih group (Di+) con-
sisted of obese rats receiving standard feed plus 2 
mL/200 g body weight/day of selenium-fortified 
dragon fruit dadih. Data are expressed as mean ± 
SD (N = 6). Statistical analysis was conducted using 
one-way ANOVA followed by the Bonferroni post 
hoc test, with statistical significance set at p < 0.05.

Intervention with dadih (Di) and selenium-for-
tified dadih (Di+) significantly suppressed 
SREBP-1c expression compared to the K+ group 
(p = 0.000). The Di group showed a reduction 
in SREBP-1c expression (1455.2 ± 40.3 pg/mL), 
while the Di+ group exhibited a greater decrease 

(1174.0 ± 58.8 pg/mL). This difference suggests 
that selenium fortification in dadih provides an 
additional effect in suppressing HFFD-induced 
SREBP-1c activation.

Liver histopathology
The histopathological examination results are 
presented in Figure 3, which illustrates the mac-
roscopic appearance of the liver, while Figure 4 
depicts the microscopic liver histology across dif-
ferent treatment groups. Additionally, the quan-
titative assessment of liver damage, including in-
flammation, hepatocyte ballooning and steatosis, 
is summarised in Table 2, based on the NAFLD 
activity score (NAS). These findings provide a 
comprehensive evaluation of the structural alter-
ations induced by HFFD and the potential protec-
tive effects of dadih and selenium-fortified dadih 
in mitigating liver damage associated with obesi-
ty-induced metabolic dysfunction.

The histopathological findings indicate that the 
healthy control group (K-) exhibited standard 
liver structure without signs of inflammation, 
ballooning, or steatosis. In contrast, the obesity 
control group (K+), which received a HFFD for 
28 days, showed increased inflammation with 
a median score of 1 (range 1–2), along with sig-
nificantly higher levels of hepatocyte ballooning 
and steatosis compared to the other groups (p < 
0.05). The dadih intervention group (Di) demon-
strated improvements, with lower inflammation 
and ballooning scores compared to K+, although 
some morphological alterations persisted. Mean-
while, the selenium-fortified dadih group (Di+) 
exhibited further enhancements, with lower 
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Figure 3: Macroscopic appearance of rat liver across different treatment groups
The liver in the healthy control group (K-) appeared normal, with a dark red, homogenous colour and a smooth surface. In contrast, the high-fat, high-fructose 
diet (HFFD)-induced group (K+) exhibited a paler colouration, indicating possible inflammation or lipid accumulation. The dadih intervention group (Di) showed 
partial improvement, with a colour closer to normal, though some changes remained. Meanwhile, the group receiving selenium- and dragon fruit-fortified dadih 
(Di+) had the most normal-looking liver appearance.

inflammation, ballooning and steatosis scores 
compared to K+ and approaching those of K-. 
Statistical analysis revealed significant differ-
ences between the K+ and intervention groups 
(p < 0.05), indicating the protective effects of the 
dadih intervention against liver damage induced 
by a high-fat, high-fructose diet. The quantitative 

Figure 4: Histopathological features of rat liver in different treatment groups (HE staining, 400x)
The red arrow indicates hepatocyte ballooning and the black arrow indicates inflammatory cell infiltration. The image was taken using a light microscope at 400 
x magnification with haematoxylin-eosin (H&E) staining. Histopathological analysis revealed significant structural differences in hepatocytes among the treat-
ment groups. The K-group exhibited normal liver morphology, characterised by polygonal hepatocytes, centrally located nuclei and homogeneous eosinophilic 
cytoplasm, without intracellular granules or signs of inflammation. No inflammatory cells were observed, indicating a healthy liver condition. In contrast, the K+ 
group, induced with high-fat, high-fructose diet (HFFD), showed hepatocyte ballooning, intracellular accumulation and oedematous cytoplasm. Mononuclear 
inflammatory cells, primarily lymphocytes and plasma cells, were present around the portal area, characterised by moderate inflammation, indicating meta-
bolic stress and early-stage liver damage. The dadih intervention group (Di) demonstrated structural improvement compared to K+, with reduced hepatocyte 
ballooning and lower inflammatory cell infiltration. However, some hepatocyte alterations persisted, suggesting partial recovery. The Di+ group showed better 
results than Di, with fewer ballooned hepatocytes and the absence of periportal inflammatory cells, indicating greater reduction in inflammation. Some areas 
exhibited hepatocyte structures approaching normal conditions, suggesting that selenium and dragon fruit fortification provided more substantial protective 
effects against oxidative stress and inflammation.

assessment of liver damage, including inflamma-
tion, hepatocyte ballooning and steatosis, is pre-
sented in Table 2. Statistical analysis using the 
Kruskal-Wallis test revealed significant differ-
ences in inflammation, ballooning and steatosis 
among the groups (p < 0.000). Post hoc anal-
ysis using the Mann-Whitney test showed that 
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Discussion

The findings indicate that the HFFD model 
effectively induced obesity, as evidenced by 
significant increases in body weight and Lee 

Table 2: Inflammation, ballooning and steatosis scores based on 
NAFLD activity score (NAS)

(*) indicate significant differences (p < 0.05); NAFLD: non-alcoholic fatty liver 
disease; he healthy control group (K-) was provided with standard feed and 
water ad libitum.
The obesity control group (K+) was subjected to a high-fat, high-fructose 
diet (HFFD) for 28 days to induce obesity. The dadih group (Di) consisted of 
obese rats receiving 2 mL/200 g BW/day of dadih. The selenium-fortified 
dadih group (Di+) consisted of obese rats receiving 2 mL/200 g BW/day of 
selenium-fortified dragon fruit dadih.

Group

Group

Group

Inflammation
median (min-max)

Ballooning
median (min-max)

Steatosis
median (min-max)

p1

K- DiK+ Di+

p1

K- DiK+ Di+

p1

K- DiK+ Di+

K(-)

K(+)

Di

Di+

p

K(-)

K(+)

Di

Di+

p

K(-)

K(+)

Di

Di+

p

0 (0 – 0)

1 (1 – 2)

0 (0 – 1)

0 (0 – 1)

0.000

0 (0 – 0)

1 (1 – 3)

0 (0 – 1)

0 (0 – 1)

0.000

0 (0 – 0)

1 (1 – 3)

0 (0 – 1)

0 (0 – 1)

0.000

-

-

-

-

-

-

-

-

-

-

-

-

0.000*

-

-

-

0.000*

-

-

-

0.000*

-

-

-

0.189

0.000*

-

-

0.000*

0.000*

-

-

0.000*

0.000*

-

-

0.005*

0.000*

0.929

-

0.020*

0.000*

0.103

-

0.020*

0.000*

0.349

-

the K+ group had significantly higher scores for 
inflammation, ballooning and steatosis com-
pared to the K- group (p < 0.05), confirming 
that a high-fat, high-fructose diet induces liv-
er damage. Both the Di and Di+ groups exhib-
ited reductions in inflammation, ballooning and 
steatosis compared to the K+ group. However, 
the difference between Di and Di+ was not sta-
tistically significant (p > 0.05), suggesting that 
both interventions provided similar protective 
effects. However, the Di+ group tended to have 
lower scores than the Di group, indicating a po-
tential additional benefit of selenium fortification 
in mitigating liver damage.

index values. This condition was associated with 
elevated hepatic SREBP-1c expression in the 
obesity control group (K+), reflecting enhanced 
lipogenesis. In contrast, the groups receiving 
dadih (Di) and selenium-fortified dragon fruit 
dadih (Di+) exhibited a marked reduction in 
SREBP-1c levels, with the most significant 
decrease observed in the Di+ group. These results 
suggest that both interventions, particularly the 
selenium-fortified formulation, may suppress 
hepatic lipogenesis in the context of diet-induced 
obesity. Obesity disrupts the balance between 
lipid production, storage and oxidation, thereby 
promoting lipid accumulation in non-adipose 
tissues such as the liver and contributing to 
metabolic dysfunction.8-10 

The administration of HFFD in the K+, Di and Di+ 
groups led to a significant increase in SREBP-
1c expression compared to the K- group. The 
higher activation of SREBP-1c in the K+ group 
indicates that a high-fat, high-fructose diet 
enhances lipogenesis in hepatocytes, which is 
associated with excessive triglyceride synthesis 
and a decrease in fatty acid oxidation in the liver.1, 

11 Administration of dadih (Di) and selenium-
fortified dadih (Di+) resulted in lower SREBP-1c 
expression compared to the K+ group, with a 
greater reduction observed in the Di+ group. This 
effect may be attributed to the role of probiotics 
in dadih, which contribute to gut microbiota 
balance and reduce systemic inflammation.12, 13 

Several mechanisms explain the role of 
probiotics in the development of obesity and 
their relationship with SREBP-1c. One of these 
mechanisms involves fasting-induced adipocyte 
factor (FIAF), which functions as an inhibitor of 
lipoprotein lipase (LPL) and prevents fatty acid 
uptake by adipose tissue and the liver. Increased 
FIAF levels can suppress lipid accumulation in 
hepatocytes, thereby indirectly reducing SREBP-
1c expression and inhibiting the progression 
of steatosis. Additionally, FIAF plays a role 
in enhancing fatty acid oxidation in the liver 
and muscles, which helps alleviate metabolic 
stress and suppress the inflammatory response 
triggered by excessive lipid accumulation.14 

Furthermore, the decreased expression of SREBP-
1c in the Di+ group compared to dadih without 
fortification (Di) indicates the superior effect 
of dragon fruit and selenium in fortified dadih. 
This suggests their role in inhibiting SREBP-1c 
activation, which supports enhanced fatty acid 
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oxidation and reduces triglyceride accumulation 
in the liver.15 The addition of dragon fruit 
can enrich the prebiotic content of dadih and 
support the growth and activity of beneficial 
gut microbiota. Meanwhile, selenium in fortified 
dadih acts as an antioxidant by serving as a 
crucial component of glutathione peroxidase, an 
enzyme with antioxidant properties that breaks 
down lipid hydroperoxides. This process helps 
reduce lipid peroxidation and contributes to the 
regulation of lipid metabolism.16, 17 

Liver histopathology also revealed significant 
differences among the treatment groups. 
Although the 28-day obesity induction period 
was relatively short to produce a clear steatosis 
pattern in the rat liver, structural changes in 
hepatocytes were already evident, with signs 
of inflammation and hepatocyte ballooning. 
This relatively short intervention period was 
chosen based on pilot observations and previous 
studies, which have shown early hepatic 
alterations within four weeks of high-fat diet 
feeding.18 However, standard models of NAFLD 
often require at least 8 weeks to induce more 
advanced liver damage. Despite this limitation, 
the observed histopathological changes in the 
present study still provide valuable insights into 
the early hepatic response to dietary modulation. 
The K+ group exhibited increased inflammation 
and hepatocyte morphological alterations, which 
could lead to the development of steatosis. These 
findings help bridge the gap between the early 
signs of hepatic stress and the eventual onset of 
NAFLD. This suggests that, even before reaching 
the steatosis stage, obesity leads to endoplasmic 
reticulum (ER) stress in hepatocytes, initiating 
the unfolded protein response (UPR), which in 
turn can stimulate SREBP-1c activation. Under 
ER stress conditions, SREBP-1c activation 
promotes increased synthesis of fatty acids and 
triglycerides in the liver, contributing to hepatic 
lipid accumulation, which initially manifests 
through inflammation.19, 20 This finding supports 
previous research which demonstrated that 
lipid accumulation in hepatocytes can trigger an 
inflammatory response that contributes to the 
progression of NAFLD.21

Conversely, the Di and Di+ groups exhibited 
improvements in liver histopathology, with redu-
ced inflammation scores, although structural 
changes in hepatocytes were still observed. The 
Di+ group showed better outcomes than the Di 
group, indicating that the addition of dragon 

fruit and selenium in fortified dadih provided 
additional protective effects against obesity-
induced liver damage. Selenium is known to 
have potent antioxidant activity through the 
activation of glutathione peroxidase (GPx), 
which plays a role in reducing oxidative stress 
and inflammation in the liver.22 Selenium 
supplementation has also been found to suppress 
fat accumulation by modulating the peroxisome 
proliferator-activated receptor gamma (PPARγ) 
pathway, a process facilitated by antioxidant 
selenoenzymes. A previous study demonstrated 
that selenium supplementation can mitigate 
lipid-related metabolic disorders, such as 
hypertriglyceridemia and fatty liver disease.15 
Additionally, the flavonoid content in dragon 
fruit contributes to reducing inflammation and 
improving liver function.23

The findings of this study suggest that selenium- 
and dragon fruit-fortified dadih intervention 
could be a potential strategy for mitigating the 
adverse effects of obesity on lipid metabolism 
and liver health. Further studies are needed to 
explore the underlying molecular mechanisms 
of this protective effect, particularly regarding 
the regulation of lipogenic genes and the role 
of gut microbiota in lipid metabolism. Thus, 
the combination of probiotics from dadih, 
antioxidants from dragon fruit and selenium 
may synergistically prevent the progression of 
NAFLD and metabolic complications associated 
with obesity.

Study limitations
This study has several limitations that should 
be acknowledged. First, the duration of obesity 
induction and dietary intervention was limited 
to 28 days, which may not be sufficient to 
fully replicate the pathological progression 
of NAFLD, particularly the development of 
advanced steatosis or fibrosis. Although early 
histopathological changes, such as hepatocyte 
ballooning and inflammation, were evident, 
standard NAFLD models often require at least 
8 weeks to induce more advanced hepatic 
damage. Nonetheless, future studies with longer 
intervention durations are necessary to evaluate 
the sustained efficacy and safety of selenium-
fortified dragon fruit dadih.

Second, the study did not include key biochemical 
markers, such as serum triglycerides, total 
cholesterol, liver enzymes (AST and ALT) and 
fasting blood glucose. These parameters are 
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essential for assessing systemic metabolic status 
and would have provided a more comprehensive 
picture of the intervention’s effects. Although 
histopathological and gene expression data offer 
valuable insights, the absence of biochemical 
profiles limits the metabolic interpretation of 
the findings. Future studies should integrate 
these biochemical assessments to strengthen the 
clinical relevance of the results.

Third, the molecular analysis in this study was 
limited to SREBP-1c expression. While this 
transcription factor is a central regulator of 
lipogenesis, the inclusion of additional genes 
involved in lipid metabolism, oxidative stress 
and inflammatory signalling (eg, PPARγ, FASN, 
ACC, GPx) would have enriched the mechanistic 
understanding of the observed effects. Further 
investigations involving broader molecular 
profiling are needed to elucidate the pathways 
by which selenium-fortified dragon fruit dadih 
modulates hepatic metabolism under obese 
conditions.

Taken together, while the present study demon-
strates promising results regarding the potential 
hepatoprotective effects of selenium-fortified 
dragon fruit dadih, future research with longer 
durations, expanded biochemical and molecular 
analyses and translational models is warranted 
to validate and extend these findings.

The findings of this study indicate that con-
suming selenium-fortified dragon fruit dadih 
significantly lowered SREBP-1c expression 
in rats with obesity induced by a high-fat, 
high-fructose diet. The control group receiv-
ing the obesogenic diet exhibited increased 
SREBP-1c expression, accompanied by early 
histopathological changes such as hepatocyte 
ballooning and inflammation, suggesting the 
onset of hepatic dysfunction. Although ad-
vanced steatosis was not observed, likely due 
to the relatively short intervention duration, 
the findings reflect an early progression to-
wards fatty liver disease.

The intervention with dragon fruit dadih 
showed protective effects against excessive 
lipogenesis, which were further enhanced by 

Conclusion

selenium fortification. These results highlight 
the potential of selenium-fortified dragon 
fruit dadih as a functional food candidate for 
preventing metabolic disturbances associated 
with obesity. However, considering the study's 
limitations—including the short duration of 
the intervention, the absence of biochemical 
markers and the restricted scope of molecular 
analyses—further studies are needed. Future 
research should employ longer intervention 
periods, incorporate comprehensive biochem-
ical and molecular assessments and explore 
translational models to validate and deepen 
the understanding of the protective mecha-
nisms provided by selenium-fortified dragon 
fruit dadih.
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